Land remains a key asset in smallholder agriculture, and is expected to play a critical contribution to food security, still a major concern for decision makers. The objective of this study was to explore the relationship between land access mechanisms and the food security situation of households in Kpomassè district (southern Benin). A survey was conducted among 150 farmers selected randomly in six villages across the district. Data were collected on socio-demographic characteristics, access to land and food consumption patterns of the households. Data analysis encompassed a typology of households according to their access to land, by combining Hierarchical Cluster Analysis and Principal Component Analysis. The level of household food security was assessed by computing the food consumption score. Three types of producers were identified based on their access to land. These were typified as "renters", "borrowers" and "heirs", representing 44%, 21%, and 35% of the sample, respectively. The average food consumption score ranged between 51.9 and 57.4, showing a satisfactory food intake for all types of households. The study suggests that secure modes of access to land might improve the food security status of households through increased assets. Also, there is a need of capacity building for farmers, in order to address the critical issue of the impoverishment of soil, through fertility management programs. The issue of access to credit is also an important policy matter.
Policies intended to improve agricultural efficiencies, should focus on smallholder farmers and their access to output markets and factors of production. Land is a key factor of production in smallholder agriculture, where the level of capital is often very low. Beyond its critical and primary role of factor of production, the land can be useful to farmers to have access to other resources such as financial services. Stated alternatively, land is a source of food security, social and cultural identity, and a key contributor to livelihoods. Therefore, an adequate policy of land resource management and efficient agricultural production is expected to have a positive effect on food security in Sub-Saharan Africa (Sanchez & Leakey, 1997) . Maxwell & Wiebe (1999) demonstrated the linkage between land tenure and food security. However, there are few empirical evidences, especially in Sub-Saharan Africa where food security remains a major policy matter.
The objective of this study was to explore the relationship between land access mechanisms and the food security situation of households in Kpomassè district (southern Benin). In the southern region of Benin, land access generally appears as a critical issue for most farmers (Mongbo, 2000; Millenium Challenge Account [MCA]-Bé nin, 2010) . Besides, Kpomassè district is a rural area reported to be at food insecurity risk (World Food Programme [WFP] , 2009). To engage policy makers in credible support to land access, it might be important to provide them with evidence of the potential returns from improved access to land among smallholder farmers. The assumption behind this study is that the alleviation of farmers' constraints for access to land can improve the food security status of their household.
This study built on an analytical framework linking the food security status to a typology of the farm households. The interest of a typology stems from the recognition of the diversity across farmers (Bidogeza, Berentsen, De Graaff, & Oude Lansink, 2009; Gafsi, Dugué , Jamin, & Brossier, 2007; McElwee & Bosworth, 2010) . The importance of developing a typology stems from the fact that it helps to develop specific policy interventions, for specific groups of farmers, hence improved effectiveness and efficiency of development interventions (Gafsi et al., 2007) . This approach is suited to explore socio-economic issues related to the food security status of farmers. Even though this study took place in southern Benin, it is useful to enlighten decision makers across Sub-Saharan Africa, given the importance of food security issue across the continent, and the challenge of the sustainable management of the continent's land resource, for the fair access to all people.
This article progresses as follows. The research methods are developed in the next section. Results appear in section 3, and discussions of the results are presented in section 4. In the last section, the main findings are summarized with the related policy implications.
Material and Methods

Data Collection
A survey was carried out in Kpomassè district (Figure 1 ) located in the Atlantique department (southern Benin) from November 2014 through January 2015. Data collection followed two stages: the exploratory survey and the in-depth survey. The exploratory survey was based on semi-structured interviews and focus group discussions, in order to get a general understanding of the mechanisms of access to land in Kpomassè , and conduct a pre-test of the questionnaire used in the next stage.
During the in-depth survey, data were collected based on face-to-face interviews with a standardized questionnaire. The sample included 150 households selected randomly in six villages across the district ( Figure  1 ). Respondents were household heads, but when needed, they were assisted by other family members to ensure the consistency of all responses. Besides households' socio-demographic characteristics, the questionnaires encompassed two main items: the access to land and food consumption patterns of the household. About access to land, an inventory of all plots of the household was done, including lands in fallow. The acreage of each plot was recorded, with the type of farmland ownership. Respondents were also asked to talk about the constraints encountered in land access. At this point, they were asked to rank by order of importance five constraints selected from the exploratory survey. To assess household's level of food security, the WFP's (2009) approach based on the Food Consumption Score was used. The number of consumption days in one week was recorded for various food categories, namely cereals, roots and tubers, leguminous, vegetables, fruits, animal protein, milk products, sugar, oil, and seasoning. 
Data Processing and Analysis
Data processing included the characterization of the sample based on key socio-demographic variables. This was followed by the topology of households according to land access, and the analysis of household food security situation.
Household Typology According To Land Access and Their Constraints
The typology of households according to land access was done by performing a hierarchical ascending cluster analysis. "Cluster analysis provides a multivariate technique specifically suited to the development of a typology" (Moos & Moos, 1976) . Squared Euclidean distance was used as similarity measure, and agglomeration was based on Ward's method (Batagelj, 1988; Glèlè-Kakaï & Kokodé , 2004) . The classificatory variables used in this analysis were the farm size, and the proportion of the various types of farmland ownership encountered in the total acreage (inheritance, purchase, renting, loan, and sharecropping). All the classificatory variables were standardized. Principal Components Analysis was performed to interpret clusters' characteristics (Glèlè-Kakaï & Kokodé, 2004) . Farmers' socio-demographic profile was described across clusters, by using the following variables: gender, age, household size, and number of laborers.
The ranking of the constraints to land access was done by type of household previously identified. The calculation of the mean ranks enabled to classify the constraints by decreasing order of importance. The level of agreement among respondents over the ranking was assessed by performing Kendall's test of concordance (Lewis & Johnson, 1971 ).
Assessment of Households' Level of Food Security
The first stage was the determination of the food consumption score (FCS), a proxy indicator showing the diversity, the frequency, and the nutritional intake of food products consumed by households (WFP, 2009 ). The FCS is calculated based on the consumption frequency of eight different categories of foods (Brown, 2012) : With X i , the number of consumption days for each category of food (≤ 7 days); a i , the score related to food categories (Table 1) . (2009) The mean food security score of the whole sample was compared to the reference value of 35 by performing Student's t test of conformity (Glè lè - Kakaï & Kokodé , 2004) . FCS>35 corresponds to an acceptable level of food consumption (Brown, 2012) . One-way analysis of variance (ANOVA) was performed to test for the variation of FSC across the categories of households.
Results
Socio-demographic Characteristics of the Sample
The main socio-demographic characteristics of the surveyed farm households are summarized in table 2. The sample was dominated by men-led households; female-headed households represented less than one quarter of the sample (Table 2) . Respondents' age ranged between 20 and 80 years old, and averaged 45 years. The marital status was characterized by the predominance of married people who represented nine tenth of the respondents ( Table 2 ). The sample also included a small proportion of widowed, divorced, and singles (Table 2) .
Regarding education level, more than two fifth of the sample were illiterate; about one third had a formal education at primary level; and about one fifth received a formal education at secondary school level. A minority of people (less than 1%) had a university degree (Table 2) .
Farming was by far households' main activity, with nine tenth of the sample (Table 2) . However, a small proportion of people were engaged in agriculture as a secondary activity. The other professions encountered (principal or secondary activity) included crafting, trade, employee, and liberal profession.
Regarding the organization of farming activities, two types of family labor were used. These included permanent laborers (about 1.2 persons per household) and temporary laborers (about 1.6 persons per household).
Farmland Ownership
There was a wide variability in the size of land exploited (Table 3 ). This ranged between 0.32 ha and 28 ha, and averaged 4.1 ha. 50% of households exploited less than 2.72 ha, and 75% of them exploited more than 4.5 ha (Table 4) . Land inheritance was the dominant farmland ownership, with more than two thirds of the total farm acreage of households ( Figure 2 ). This was followed by renting, about one third of the sample (Figure 2 ). Sharecropping and loan represented about one tenth of the farmland while land purchase was rare, about 5% of farmland ownership in the sample (Figure 2 ).
Figure 2. Proportion of land ownership types in the sample
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48% of the variability (Table 4) . The correlation between principal components (PC) and the original variables (Table 5) showed that Component 1 had a high and negative correlation with land inheritance, and a high and positive correlation with land renting. On the other side, Component 2 showed a high and positive correlation with land loan (table 5) . (Table 5 ). The members of cluster 1 are located in the positive side of Component 1. Therefore, this cluster was characterized by a high proportion of rented lands, and a low proportion of inherited lands. Farmers of cluster 2 are located in the positive size of component 2 so that they are characterized by a high proportion of borrowed land (loan). Regarding the farmers of cluster 3, they are located in the negative side of component 1. Therefore, this cluster is characterized by a high proportion of inherited lands and a low proportion of rented lands. Table 6 illustrates the characteristics of the various types of farmers according to clustering variables. Cluster 1 was dominated by small farmers exploiting the smallest farmland. Renting was the main type of farmland ownership (about 2/3 of the total farmland). Sharecropping was the second most important type of farmland ownership in this cluster, with more than 1/5 of the total farmland. This was followed by inheritance which proportion exceeded on average 1/10 of the total exploited farmland. Overall, cluster 1 was characterized by the wide predominance of indirect farmland ownership (renting, loan, and sharecropping) which represented 86.8% of the total farmland (Table 6 ).
Cluster 2 was characterized by intermediate farm size, compared to the two other clusters. The dominant farmland ownership in this cluster was the loan which represented more than half of the total farmland (Table 6 ). Direct farmland ownership (inheritance and purchase) represented 37% of the total farmland (Table 6 ).
Cluster 3 was characterized by a relatively large farmland, compared to the two other clusters. The overwhelming majority of their farmland (more than 9/10) was got from inheritance (Table 6 ). In this cluster, a small acreage was exploited as indirect farmland ownership (renting, loan, and sharecropping): 5.9% of the total farmland (Table 6 ).
Given their respective characteristics presented above, clusters 1, 2, and 3 have been typified, and will be further referred to as renters, borrowers, and heirs, respectively. These various types of households were represented unequally in the sample ( Figure 5 ). Renters were the most represented category (more than 2/5). They were followed by heirs with a proportion exceeding slightly one third. Last, the borrowers were the less represented in the sample, with a proportion of about 1/5. Despite various land access modes, the three categories of households showed similarities in their socio-demographic characteristics (Table 7) . Age was the only variable showing significant differences across the identified clusters. The average age of borrowers was significantly higher, compared to the two other categories. Regarding gender, the proportion of men-led households was higher in all clusters. However, the proportion of women was relatively lower in the cluster of heirs, compared to the two other clusters, but these differences were not significant. Household size and the number of laborers did not show consistent differences
Renters 44%
Borrowers 21%
Heirs 35%
across households types (Table 7) . 
Constraints to Land Access
Five major constraints to land access were pointed out by farmers, namely impoverishment of soils and infestation by Imperata cylindrica, scarceness of cultivated land, high renting fees, lack of credit facilities, and land conflict. The ranking of these constraints differed slightly across the clusters (Table 8 ). The major constraints were impoverishment of soils and infestation by Imperata cylindrica, the high renting fees, and lack of credit facilities, respectively for the renters, the borrowers, and the heirs. The scarceness of cultivated lands ranked second among the constraints, whichever the cluster considered (Table 8) . Overall, land conflict did not seem to be an impediment to land access, insofar as this was ranked in all clusters as the less important constraint to land access (Table 8) . Kendall's test of concordance (Table 9) showed a satisfactory level of agreements among farmers regarding the ranking of constraints to land access, whichever the cluster considered (all p < 0.05). However, the level of agreement was relatively higher among the clusters of renters and borrowers (Kendall's coefficient of concordance superior to 0.5), compared to the cluster of heirs where the Kendall's coefficient of concordance was lower than 0.5 (Table 9 ). 
Household Food Security
Household food consumption score ranged between 26 and 79, and averaged 54.18 for the whole sample. This average score was significantly higher than the reference value of 35, signifying a satisfactory level of food consumption (Student's t test; t=27.747; p<0.01). This result showed that, overall, the surveyed households enjoyed a satisfactory level of food security.
Household food consumption score varied according to land access modes (ANOVA; F=6.714; p<0.01). The group of heirs had a higher level of food security (higher food consumption score), compared to the two other categories of farmers (Table 10) 
Discussion
Land Ownership and Typology of Farmers According to Land Access
This study revealed that the dominant modes of access to land in the locality were renting, loan, and inheritance. This is consistent with the three categories of farmers identified. Loan and renting (65% of land access modes) are helpful to farmers who lack resources to buy lands. However, the predominance of these indirect modes of access to land means potential risks of conflicts and land insecurity for the majority of producers. In fact, it is known that indirect modes of access to land lead to increased risks of land insecurity, compared to direct modes of access to land in Benin (MCA-Bé nin, 2010).
The category of renters had the lowest farm size (2.7 ha on average), though no significance difference was found with the borrowers (3.7 ha on average). The smaller area grown by renters stems from the relatively high renting fees, given the local context of the region. In the study period, the renting cost of land in Kpomassè region was XOF 120,000-180,000 (USD 240-360) per hectare per year. Regarding loan, there is no financial cost associated to this mode of access to land. The lands obtained that way often belong to relatives established in cities. The loan brings mutual advantages to both parties: it helps the user to have access to land for agricultural production; and it helps the landholder to keep his plot safe.
The relatively high land acreage in the category of heirs (35% of farmers) stems from the fact that this group is composed of descendants of autochthon landholders. However, this mode of access to land could result over time in land fragmentation, i.e. the significant reduction of the size of agricultural lands; given that repetitive sharing will result in smaller and smaller land plots for younger generations. Land fragmentation can affect the overall efficiency of agricultural production. Evidence of the detrimental effect of land fragmentation on the efficiency of farmers has been reported in other regions (Niroula & Thapa, 2005; Rahman & Rahman, 2009; Tan, Heerink, Kuyvenhoven, & Qu, 2005) .
Among the land access modes, sharecropping (0-21% of households across the types of farmers) and purchase (0.2-18% of households across the various categories) were less represented (Table 6 ). The low proportion of purchased lands could stem from the limited development of land market, and the lack of financial resources by most farm households to engage in land transactions. This highlights the constraint of access to credit which is often viewed as an impediment is smallholder agriculture (Swinnen, Colen, & Maertens, 2013; McIntosh, Sarris, & Papadopoulos, 2013) . Regarding sharecropping, its low representativeness could stem from the preference of landholders for cash transactions, i.e. renting, because the quantity of produce received by landholders might vary because of factors such as climate variability. Also, most land seekers are reluctant to engage in sharecropping.
The characterization of the various types of farm households showed significant difference for the age of household heads. The higher age of borrowers ( Table 7 ) might mean that oldness is a criterion to deserve confidence toward the landholders.
Regarding gender, although the difference was not significant, women were less represented in the category of heirs. Though the law gives the same right to men and women for inheritance, this is not respected in practice; so that women are often excluded from land inheritance sharing.
Constraints to Land Access
Land access constraints were ranked differently across clusters. For renters, the key constraint was the impoverishment of land, and infestation by weeds. In fact, impoverished lands are less attractive for agricultural production because of their low productivity. Field observation showed a trend of Imperata cylindrica to develop on degraded lands. The issue of Imperata cylindrica is critical because of effects such as reduction of crop yield and quality, injury to the skin, and increased labor requirement (Chikoye, Manyong, & Ekeleme, 2000) . Previous studies have identified weed as a constraint to farmers (Vissoh, Gbè hounou, Ahanché dé , Kuyper, & Röling, 2004; Rodenburg & Johnson, 2009 ). The constraints of land impoverishment and infestation suggest the need of programs of sustainable management of soil fertility. In fact, the impoverishment of land might stem from poor practices of fertility management.
Regarding the borrowers, their main constraint was the high cost of land renting or purchase in the region, so that they have to cope with land borrowing. Lastly, heirs considered that limited opportunity of credit is the major constraint to access to land. The rationale is that the lack of credit opportunity does not enable them to increase their farmland, and strengthen their production system. This study confirms the need of financial service in any strategy of rural development (Karlan, Osei, Osei-Akoto, & Udry, 2014; Kassie, Teklewold, Jaleta, Marenya, & Erenstein, 2015) .
Farmers ranked land conflict as a low constraint to land access in Kpomassè district. This stems from the fact that land transactions were not developed in the region (Only 5% of lands were purchased). In other regions of Benin, land transactions were the main sources of conflicts around agricultural lands (MCA-Bé nin, 2010).
Household Food Security and Relation to Modes of Land Access
The use of the Food Consumption Score, a proxy indicator of food security showed that, overall, the households enjoyed a satisfactory level of food security. This result is surprising given that previous report by WFP (2009) typified Kpomassè district as vulnerable to food insecurity in Benin. As explanation, the efforts of Benin's government since the 2008 food crisis might have positively influenced the region's food security situation.
There was a relationship between land access and household food security. Heirs had a FCS significantly higher than for renters and borrowers. In fact, heirs had lager and more secure access to land (direct access), compared to the two other categories (renters and heirs). For example, they can grow perennial crops, contrary to the two other categories. The existence of perennial crops in their system of production means a diversification of sources of income, and a better ability to meet their needs of food consumption, especially in off-season. This analysis is consistent with the sustainable livelihoods approach (Chambers & Conway, 1991) , according to which rural communities depend on their access to natural capital, including the land.
Conclusion
The focal target of this study was to explore the relationship between land access mechanisms and the food security situation of farm households in Kpomassè district (southern Benin). Farmers had access to land through the following modes: inheritance, purchase, renting, loan, and sharecropping. Inheritance was the dominant mode of access to land across farm households. The typology resulted in three categories of farmers -typified as heirs, renters, and borrowers respectively -according to their access to land. The main impediments to land access were as follows: land impoverishment and infestation by weeds (Imperata cylindrica), the scarceness of cultivable lands, the high renting fees, and the lack of credit facilities.
The analysis of food consumption scores (FCS) showed a satisfactory level of food intake for all types of households. However, the food consumption scores varied consistently according to the categories of farmers, heirs having a higher value of FCS, compared to the two other clusters (renters and borrowers). The study suggests that secure modes of access to land might improve the food security status of households through increased assets. There is a need of capacity building for farmers to address the constraint of soil impoverishment and weed infestation, through soil fertility management programs. The issue of access to credit is also an important policy matter, but this is not a single pattern of farmers in Kpomassè district.
